We conducted an exploratory investigation of factors influencing the adoption of radio frequency identification (RFID) methods in the agricultural product distribution industry. Through a literature review and field research, and based on the technology-organization-environment (TOE) theoretical framework, this paper analyzes factors influencing RFID adoption in the agricultural product distribution industry in reference to three contexts: technological, organizational, and environmental contexts. An empirical analysis of the TOE framework was conducted by applying structural equation modeling based on actual data from a questionnaire survey on the agricultural product distribution industry in China. The results show that employee resistance and uncertainty are not supported by the model. Technological compatibility, perceived effectiveness, organizational size, upper management support, trust between enterprises, technical knowledge, competitive pressure and support from the Chinese government, which are supported by the model, have significantly positive effects on RFID adoption. Meanwhile, organizational size has the strongest positive effect, while competitive pressure levels have the smallest effect. Technological complexities and costs have significantly negative effects on RFID adoption, with cost being the most significantly negative influencing factor. These research findings will afford enterprises in the agricultural products supply chain with a stronger understanding of the factors that influence RFID adoption in the agricultural product distribution industry. In addition, these findings will help enterprises remain aware of how these factors affect RFID adoption and will thus help enterprises make more accurate and rational decisions by promoting RFID application in the agricultural product distribution industry. 
Background
The safety of agricultural products has become a central societal issue, as safety not only affects consumer health but can also devastate agricultural produce enterprises and the entire agricultural supply chain, seriously affecting the sustainable development of agricultural product industries and societal stability. As an important aspect of food safety management, the traceability of agricultural products plays a key role. China in particular is becoming the world's largest food producer and consumer. Related policies that involve setting up uniform tracing information platforms and enacting standards are promoted widely. However, owing to the lengthy and dynamic nature of supply chains, traditionally wired sensor technologies can barely address agricultural product monitoring needs. With the rapid development of the Internet of things (IOT) industry, radio frequency identification (RFID) has been applied extensively around the world, and some developed countries have achieved favorable results by using RFID to manage agricultural supply chain safety, in turn attracting interest from academics. Most studies on agricultural products based on RFID technologies have focused on their applications, while the introduction of new technologies typically requires rigorous and scientific analysis to satisfy Open Access *Correspondence: shiping2013@qq.comindustry development requirements. Factors influencing RFID adoption have not yet been studied. By studying these issues, China can begin to promote agricultural information management systems.
Literature review and our contributions

Literature review
Many scholars have studied the applications of RFID for agricultural product management by exploring applications of RFID for agricultural products (Sahin et al. 2002; Regattieri et al. 2007; Amador et al. 2009; Abad et al. 2009 ), the construction of agricultural product information systems (Gras 2006; Bernardi et al. 2007; Liu and Tang 2010) , and the quality management of agricultural products based on RFID (Bernardi et al. 2007; Xie et al. 2007; Jedermanna et al. 2009 ). While it is worthwhile to study applications of RFID in the agricultural product distribution industry, few studies have examined factors that influence RFID adoption in agricultural product supply chains. In practice, RFID technologies have been implemented widely in some developed countries through governmental and business projects (e.g., WalMart and DHL). Although the IOT industry is growing in China, related successful projects have been rare, with most still occupying the experimental stage. China has lagged behind other developed counties in terms of technological, standard, supply chain and application development. Most related studies have attributed this to lower labor costs in China, to the higher costs of RFID adoption and to undeveloped standards and regulations (Zhang 2011) . The introduction of RFID into the agricultural product distribution industry thus serves as an important premise for analyzing factors influencing RFID adoption.
Information technology adoption theory constitutes an emerging facet of information systems research. It examines the behavioral characteristics of organizations and individuals as they adopt and accept information technologies based on principles of social psychology and behavioral science to determine ways in which users accept and continue to use information technologies (Li 2006) . The theory plays an important role in studying the introduction of RFID technologies into the management of agricultural products. Fichman (1992) summarized numerous factors influencing information technology adoption and classified information technology adoption theories into two categories: theories focused on individual-level adoption behaviors and those focused on organizational-level adoption behaviors. There are relatively few organization-level information technology adoption behavior theories (Li 2011) . Some classic theories include Innovation Diffusion Theory (IDT), the six-stage model, and the TOE analysis framework. Tornatzky and Fleischer (1990) criticized IDT and maintained that classical innovation diffusion theory is critical of the notion that factors affecting information technology adoption include not only technology elements (T) but also characteristic elements of organizations (O) and environmental elements (E). After the technology-organization-environment (TOE) framework was first proposed, many scholars began to study TOE theory and related influencing factors due to its applicability. TOE theory considers technological issues in terms of technical compatibilities, complexities, observability levels, etc. as well as organizational factors such as the size of an organization, high-level support received, organizational cultures, etc. and environmental factors such as external competitive pressures and government policy support. Chau and Tam (1997) used the TOE framework to analyze factors that affect open-system adoption. Kuan and Chau (2001) proposed a perception-based small business EDI adoption model tested against data collected from 575 small firms in Hong Kong based on the TOE theoretical framework. Grandon and Pearson (2004) examined determinant factors of strategic value and electronic commerce adoption as perceived by upper managers in small-and medium-sized enterprises in the Midwest region of the US. Zhang and Kang (2008) analyzed influencing factors and countermeasures of logistics information network technologies. Li (2011) designed a process model for analyzing factors shaping RFID adoption in the automobile manufacturing industry and applied it through a case study on China's automobile manufacturing industry.
Therefore, RFID technology application in the agricultural product distribution industry is bound to be affected by various factors. Identifying these factors will play a key role in RFID technology adoption. Processes and node enterprises in agricultural product supply chains constitute an organizational system. It is necessary to analyze factors influencing RFID adoption through an examination of entire organizations. We thus use organizational level adoption behavior theory to conduct this study. TOE theory takes into account technical, organizational and environmental factors, thus forming a more comprehensive framework.
Our paper and contributions
From our study and summary of relevant literature, we draw the following conclusions:
(1) Research on factors influencing RFID adoption in organizations is still relatively new, and with respect to research focused on China, only Li (2011) designed a model for analyzing factors influencing RFID adoption in China's automobile manufacturing industry.
(2) For research methods, researchers initially used qualitative analysis methods such as literature reviews, case studies, and interviews with experts. More recently, researchers have conducted quantitative analyses such as questionnaires and statistical analyses.
(3) In terms of research models, most related literature has employed Rogers' diffusion of innovation theory (Rogers 1983) . Other researchers prefer the TOE framework proposed by Tornatzky and Fleischer (1990) .
Technological, organizational, and environmental contexts form the basis of our comprehensive research framework, and factors shaping RFID adoption within each category are highlighted. From our literature review, factors influencing RFID adoption in the agricultural product distribution industry are preliminarily summarized in Table 1 . While Chinese governmental support is rarely referenced in the extant literature, after contacting experts of this area, we found that the Chinese government plays an important role in the adoption of new information technologies. We thus take support from the Chinese government into consideration.
In sum, we conduct an exploratory investigation of factors that influence RFID adoption in the agricultural product distribution industry. Using the TOE theoretical framework, we analyze factors that influencing RFID adoption in the agricultural product distribution industry based on the following three contexts: technological, organizational, and environmental contexts. We conduct an empirical analysis of the TOE framework by applying structural equation modeling (SEM) based on actual data drawn from a questionnaire survey on the agricultural product distribution industry in China.
Hypotheses and the research model
Technological context
(1) Technological complexity
The more complex a form of technology is, the less possible it is for it to be successfully applied. When a form of technology is very difficult for an organization to apply, upper management teams determine to either abandon it or to introduce it later. Thus, we initially hypothesized that RFID complexity negatively affects adoption. Therefore, we propose the following:
Hypothesis 1 Technological complexity has negative effects on RFID adoption.
(2) Technological compatibility
We define technological compatibility here as the degree to which RFID corresponds with an organization's business processes, IT infrastructure, distribution channels, corporate culture, and value system. Generally, it is easier for an organization to employ a form of information technology when it offers a higher degree of technological compatibility. Hence, the following hypothesis is proposed:
Hypothesis 2 Technological compatibility has a positive effect on RFID adoption.
(3) Perceived effectiveness
The presence of perceived effectiveness enables a higher degree of supply chain visualization, saves time costs, reduces human resource costs, improves business efficiency levels, etc. Therefore, we propose that:
Hypothesis 3 Perceived effectiveness has a positive effect on RFID adoption. Chinese government support(4) Cost Tornatzky and Klein (1982) showed that costs inhibit the adoption of new technologies. In this paper, costs range from hardware facility costs (including RFID/EPC tags, readers, sensors, middleware and servers) to costs of system implementation, integration, operation, and maintenance. Hence, the following hypothesis is proposed:
Hypothesis 4 Costs have a negative effect on RFID adoption.
Organizational context
(1) Organizational size
Large-scale enterprises have access to more resources for testing out new forms of technology and can then determine whether to adopt them or not. Meanwhile, they are more likely to achieve economies of scale and to reduce risks associated with new technology adoption. They are also better equipped to persuade supply chain partners to adopt new technologies. Hence, the following hypothesis is proposed:
Hypothesis 5 Organizational size has a positive effect on RFID adoption.
(2) Upper management support
When a new form of technology is adopted by an organization, this is bound to affect all aspects of the organization, altering business processes and organizational structures, which are all uncertain factors that shape new technology adoption. When faced with such uncertainties, decision makers tend to initially exercise caution. Despite the benefits of RFID adoption, as such adoption can change existing business processes and requires financial support from enterprises, upper management support is known to be critical to the adoption of new technologies in an organization. We thus propose the following:
Hypothesis 6 Upper management attitudes towards RFID positively affect RFID adoption.
(3) Trust between enterprises
When strong cooperation and trust is not present, freeriding is likely to occur with RFID adoption, in which case upstream suppliers bear most of the incurred costs (Geng 2005) . Thus, we propose the following:
Hypothesis 7 Trust between enterprises has a positive effect on RFID adoption.
(4) Technical knowledge
Technical knowledge refers to professional IT knowledge owned by enterprises themselves. When they have grasped relevant knowledge and skills pertaining to a new form of technology, companies can effectively assess factors that influence the adoption of this new technology, including advantages, disadvantages, costs, etc. Therefore, the following hypothesis is proposed:
Hypothesis 8 Technical knowledge has a positive effect on RFID adoption.
(5) Employee resistance
When a new form of technology is adopted, some employees may think that they do not have the necessary qualifications or skills to operate this new form of technology. Meanwhile, as the introduction of new technologies increases operation efficiency levels while decreasing labor force requirements, employees will worry about losing their jobs and will therefore exhibit resistance to the adoption of new technologies. Hence, the following hypothesis is proposed:
Hypothesis 9 Employee resistance has a negative effect on RFID adoption.
Environmental context
(1) Competitive pressure Premkumar and Ramamurthy (1995) discovered that due to internal pressures and a desire to gain a competitive advantage, enterprises must adopt new technologies. It is likely that they may also face not only pressures resulting from technological innovations generated by upstream and downstream partners in the supply chain and by competitors but also pressures resulting from new developments in business models and industry standards. Therefore, we propose the following:
Hypothesis 10 Competitive pressure has a positive effect on RFID adoption.
(2) Uncertainty A lack of information and technical knowledge or being unable to forecast development patterns leads to uncertainty. It is quite typical for an enterprise to be unable to determine the requirements of their products or the number of loyal customers in the market. Therefore, the following hypothesis is proposed:
Hypothesis 11 Uncertainty has a negative effect on RFID adoption.
(3) Chinese government support Policies and laws proposed by the Chinese government and financial support given will play an important role in promoting the adoption of new technologies. In China, many companies are government-oriented, and when a new form of technology is supported by the Chinese government, it will be widely adopted in the given industry quickly and easily. Hence, the following hypothesis is proposed:
Hypothesis 12 Support from the Chinese government has a positive effect on RFID adoption.
The research model developed through this study is illustrated in Fig. 1 . "+" denotes that a factor has a positive effect on RFID adoption, whereas "−" denotes that a factor has a negative effect.
Research methodology
Samples and data collection
Due to the limited amount of time the managerial respondents could offer, a mail survey approach was used to allow respondents to complete the surveys at their convenience. For reliability and operability purposes, we recruited staff members who are aware of supply chains, RFID and information technology observations. Upperlevel managers, middle managers, and professional staff from agricultural product distribution enterprises in Foshan and Guangzhou and Wal-Mart's suppliers of agricultural products in Shenzhen were studied, as they are familiar with the requirements of running of a company and have a general understanding of new technologies such as RFID. Of these, 34 companies qualified and agreed to participate in the mailed survey. A contact person from each company was selected to distribute the questionnaire to relevant staff members. Concerning of the professionalism of our questionnaire, we actively communicated with respondents to ensure the authenticity and reliability of our results, as errors can emerge when respondents do not understand questions fully or when they ascribe too much subjective meaning to each question. We studied 34 companies in total, and each company was sent 3-5 sections of the questionnaire unequally. In total, 150 survey packages were sent out. Each survey package included a cover letter, questionnaire, and stamped return envelope. In total, 92 completed questionnaires were returned. However, nine responses were discarded due to incomplete data. We received 83 valid responses, and the effective response rate was measured at 55.3%. Demographic features of the respondents surveyed are shown in Tables 2 and 3 . The respondents were upper-level managers (8.7%), middle managers (21.7%), or professional staff members (69.6%). Regarding the size of each organization in terms of its number of employees, 2.9% of the responses were classified as responses from large firms (more than 1000 employees), 5.9% were classified as responses from medium-sized firms (501-999 employees), 26.5% were classified as responses from small firms (101-499 employees), and the remaining 64.7% were classified as responses from firms with less than 100 employees.
Measurement development
Measurement items used to operationalize the constructs were adapted from relevant previous studies. All scale items were rephrased to relate specifically to RFID and to the agricultural product supply chain. To facilitate our data analysis, each measurement item was measured on a 7-point Likert scale ranging from "strongly disagree" (=1) to "strongly agree" (=7). Based on the previous context, definitions and analyses of each measurement item are shown in Tables 4, 5, and 6.
Technological context
See Table 4 .
Organizational context
See Table 5 .
Environmental context
See Table 6 .
Data analysis and results
The structural equation modeling (SEM) method was used to test the research model presented in Fig. 1 . The two-step approach presented by Anderson and Gerbing (1988) was used. First, the measurement model was estimated through a confirmatory factor analysis (CFA) to test the reliability and validity of the measurement model. The structural model was then analyzed to examine the overall model fit.
The measurement model
Through survey data analysis, it is easy to obtain the Cronbach's alpha reliability coefficient of latent variables (see Table 7 ). As is shown in Table 7 , all Cronbach's alpha values exceeded the 0.70 threshold (Nunnally 1978) , demonstrating adequate internal consistency. The Cronbach's alpha estimates clearly denote reliability.
The following results were derived from a Chi square test conducted using the AMOS 17.0 software program: CMIN = 583.32, p = 0.03, and at the 0.05 significance level, the null hypothesis is not rejected, denoting that the model fits well. Meanwhile, as is shown in Table 8 
The structural model
The purpose of this study was to develop a stronger understanding of factors that influence RFID adoption in the agricultural product distribution industry and of the degree to which each factor has an effect. To test influencing factors, twelve hypotheses were proposed in "Hypotheses and the research model" section. A path coefficient (regression coefficient among latent variables) significance test similar to the parameter significance test conducted for the regression analysis was then conducted. We used AMOS software to conduct our path analysis. The AMOS software program offers a simple and effective way to determine the critical ratio (CR), which is a Z statistic based on the ratio of parameter estimates and their standard deviations. When using the AMOS software for analyses, the p value is given at the same time. We thus carried out our test based on the p value. A significance level of 0.01 was used in this study. Table 9 presents standard estimates of the path coefficient, the significance level, and the results. As is shown in Table 9 , all the hypotheses were supported except for Hypothesis 9 and Hypothesis 11. Based on the TOE framework, we studied factors influencing RFID adoption and used the SEM model and AMOS 17.0 software to carry out an empirical analysis of the agricultural product distribution industry in China. We found that the model accurately reflects RFID adoption in the agricultural product supply chain.
The authors used the AMOS software program to conduct a path analysis. Ten of the twelve hypotheses were supported. The path coefficient results are shown in Fig. 2 . It is important to note that the number listed on each arrow denotes the effect of each factor. From our path coefficient significance test, it is clear that all of the factors except for employee resistance and uncertainty are supported by the model. Technological compatibility, perceived effectiveness, organization size, upper management support, trust between enterprises, technical knowledge, competitive pressure levels and government support, which are supported by the model, have significant positive effects on RFID adoption. Among these, organization size has the strongest positive effect, while competitive pressure has the least significant positive effect. Technological complexities and costs have significantly negative effects on RFID adoption. Among them, costs constitute the most significantly negative influencing factor.
Conclusions
Through our literature review and field research and based on the TOE theoretical framework, we analyzed factors that influence RFID adoption in the Chinese agricultural product distribution industry based on three contexts: the technological, organizational, and environmental contexts. According to the results of our empirical analysis, technological contexts involving technological complexities, technological compatibility, perceived effectiveness, and costs; organizational contexts involving organization sizes, upper management support, trust between enterprises, and technical knowledge; and environmental contexts involving competitive pressures and support from the Chinese government have significant effects on RFID adoption in the Chinese agricultural product distribution industry. Our research findings will help enterprises in the agricultural products supply chain develop a stronger understanding of factors that shape RFID adoption in the agricultural product distribution industry. By making enterprises more aware of how much various factors affect RFID adoption, our findings can help enterprises make more appropriate and rational decisions, thus facilitating RFID adoption in the agricultural product distribution industry.
Limitations and future research
The following limitations were encountered in this study. The purpose of this study was to develop a stronger understanding of factors that shape RFID adoption in the Chinese agricultural product distribution industry. A small sample was used to gather quantitative and qualitative data. Due to difficulties associated with collecting extensive data, we only studied a small number of samples, meaning that the results of this study require further validation. In future studies, the scope of study samples should be expanded to obtain as much data as possible, making consequent findings more accurate. In addition, numerous other factors functioning outside of and within technological, organizational, and environmental contexts that shape adoption outcomes were not considered in this study. Although our intention was to develop a balanced perspective of RFID by obtaining views from an equal number of business and IT managers, for many of the organizations studied, the researcher conducting the interviews was directed to IT personnel. Thus, this balance was not achieved. At the time of the study, RFID was still only initially being considered in of many of the Chinese agricultural product distribution enterprises examined. Many business executives therefore still viewed it as a technology-related issue rather than a business imperative.
Our empirical study was carried out in China, and thus the results may not be directly applicable to other countries due to cultural differences. Consequently, related studies should be conducted in different countries. Future studies could use the framework presented here to assess and compare RFID adoption patterns in several countries. In turn, the effects of national environments on RFID adoption can be identified.
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